Psoriasis is a T helper (Th)17/Th1-mediated autoimmune disease affecting the skin and joints. So far, distinct traditional oral compounds and modern biologics have been approved in most countries for the treatment of patients with moderate to severe psoriasis or psoriatic arthritis. Yet, the anti-psoriatic therapeutic spectrum is to be extended by a number of novel targeted therapies including biologics and modern oral compounds. The next set of anti-psoriatic biologics targets mainly Th17-associated cytokines such as IL-17 or IL-23. In contrast, modern oral anti-psoriatics, such as dimethyl fumarate (DMF), apremilast or Janus kinase ( JAK) inhibitors interfere with intracellular proteins and affect signaling pathways. Here we summarize the current systemic therapies for psoriasis and their immunological mechanism. The recent advances in psoriasis therapy will help treat our patients efficiently and complete our understanding of disease pathogenesis.
Today, we are fortunate to have a broad spectrum of antipsoriatic agents, including small molecules and biologics, either available or in development. The basis of modern anti-psoriatic therapeutics is our understanding of psoriasis pathogenesis. Experimental research and clinical observations have allowed us to identify important cellular and molecular mediators in psoriasis. Innate and adaptive immune cells contribute to psoriasis pathogenesis. Currently, psoriasis is considered an inflammatory autoimmune disease dominated by interleukin (IL)-17-producing
CD4
+ Th cells (Th17). Infiltrating mast cells and neutrophils are further cellular sources of IL-17 in psoriasis. Activated innate immune cells like dendritic cells (DC) (but also local tissue cells like keratinocytes) provide further factors promoting Th17 responses. Th17 cells and their associated cytokines have multiple effects on resident tissue cells within the skin or joints [2] . Moreover, Th17 cells interact with other immune cells and can attract neutrophils to the site of inflammation. While the inflammation causing erythematous scaly plaques of the skin can be clinically cleared without visible scarring, perpetuated inflammation of the joints can result in cartilage and bone destruction, followed by severe mutilation. Thus, our therapeutic decisions must be preceded by careful history and diagnostic procedures. Here we want to summarize the established therapeutic options in psoriasis and the new advances in modern psoriasis management with systemic therapeutics based on the disease immunopathogenesis.
Psoriasis -a Th17 disease
The dermal infiltrate in psoriasis typically contains various immune cells. A pronounced proliferation of keratinocytes and dermal vascular endothelial cells follows the inflammatory response. It has been suggested that disease manifestation is connected to genetic susceptibility and environmental triggering factors. Despite the association between psoriasis and certain human leukocyte antigens (HLAs), such as HLA-Cw6, a number of gene polymorphisms have been linked to psoriasis. Importantly, some of these genes encode Th17-associated factors such as IL23A, IL23R, STAT3, RUNX3 and TYK2 [3, 4] . In addition, environmental conditions, infections or certain drugs can facilitate disease manifestation. It is speculated that innate signals first activate antigen-presenting cells within the skin, followed by a CD4 + T cell response. For a long period of time, psoriatic skin was thought to be primarily dominated by type 1 responses, as characterized by the presence of IL-12-expressing DC and Th1 cells, which secrete interferon (IFN)-g, tumor necrosis factor (TNF) and IL-2 ( Figure 1 ) [5] [6] [7] . More recently, a cytokine sharing the p40 unit with IL-12 and IL-23 was reported to be highly expressed in psoriatic skin [8] . This cytokine is crucial for the generation of Th17 cells with a pathogenic phenotype [9, 10] . IL-23 promotes the expression of IL-17A, IL-17F and IL-22 by Th17 cells (Figure 1 ) [11, 12] . The Th17 phenotype, its associated transcription factor RORg and chemokine CCL20 are readily detectable in psoriatic skin [13] . Similarly, Th1 cells, Th17 cells and associated factors have been found in the joints of patients with psoriatic arthritis [14] . In patients suffering from moderate to severe psoriasis a number of systemic treatments are approved to control the chronic inflammation (Table 1) .
Traditional oral therapies
Most clinicians initiate methotrexate as first-line systemic therapy for patients with psoriasis or psoriatic arthritis. Others use cyclosporine, which induces general immunosuppression by preventing T cell activation and cytokine expression. Both compounds are effective in psoriasis and psoriatic arthritis [15] . However, their longterm use is complicated by several toxicities. Patients suffering from pustular psoriasis can also benefit from oral retinoids, while patients with psoriasis vulgaris respond better to oral retinoids when receiving additional phototherapy [16] . In some countries fumaric acid esters (FAEs) are used for treating psoriasis. FAEs seem to improve psoriasis by acting on the immune response and inhibiting the production of pro-inflammatory cytokines like IL-12 and IL-23 [17, 18] . FAE therapy is regarded as an anti-psoriatic therapy with limited toxicity. Because rare reports on progressive multifocal leukoencephalopathy (PML) exist in patients with severe lymphopenia under FAE treatment, severe and long-lasting lymphopenia should be avoided when patients are treated with this drug [19] .
Established anti-psoriatic biologics
For many years, classical oral immunosuppressants and antiproliferative drugs were recognized as the only effective therapeutics for improving psoriasis. In contrast, antipsoriatic biologics target one single receptor or cytokine, which may affect multiple components of the immune system. The first biologics approved for psoriasis (such as efalizumab and alefacept) were primarily directed against receptors involved in T cell transmigration or activation. Both of these drugs have since been discontinued. More recently, biologics were generated to neutralize cytokines such as TNF, a critical mediator released by inflammatory Th1 and Th17 cells, but also by many other cells. TNF antagonists revolutionized the therapy of psoriasis and psoriatic arthritis with impressive response rates. The majority of patients treated with anti-TNF antibodies such as adalimumab or infliximab show at least a 75% improvement of the clinical psoriasis area and severity index (PASI-75) score [20, 21] . Likewise, 34 to 49% of patients receiving the TNF receptor fusion protein etanercept achieve a PASI-75 response at week 12 after treatment initiation [22] . Golimumab and certolizumab pegol have extended the spectrum of this group of anti-TNF drugs and have been approved for psoriatic arthritis [23, 24] . Like oral immunosuppressants, TNF antagonists are linked to certain safety concerns. However, serious infections seem to be more common when using TNF antagonists for rheumatoid arthritis or Crohn's disease than for psoriasis or psoriatic arthritis [25] . Furthermore, patients with psoriasis treated with TNF blockers seem to have an increased risk of non-melanoma skin cancer [26, 27] .
Ustekinumab is a biologic approved for psoriasis, targeting cytokines other than TNF. This monoclonal antibody is directed against the p40 subunit shared by IL-23 and IL-12. In this manner, ustekinumab can inhibit the development of Th17 and Th1 responses. More than 65% of patients receiving anti-p40 therapy with ustekinumab show a PASI-75 response at week 12 [28] . Serious infections, malignancies and adverse cardiovascular events have been observed under therapy with neutralizing p40 antibodies [29] , but so far the data do not suggest increased rates of these adverse events with ustekinumab [30] . The efficacy of neutralizing TNF or IL-12/IL-23p40 in psoriasis, and their distinct intracellular signaling pathways, suggests that various molecular mechanisms participate in the immunopathogenesis of psoriasis.
Advances in anti-psoriatic biologics
While the pathogenic role of TNF in psoriatic arthritis and rheumatoid arthritis is well established, the exact effects of IL-12 and IL-23 in inflammatory joint destruction are less well understood. More recently, a phase 3 trial demonstrated efficacy and safety of ustekinumab in patients with psoriatic arthritis. Neutralizing p40 significantly improved psoriatic arthritis including associated dactylitis and enthesitis [31] . Interestingly, there is no published data indicating that ustekinumab may also be effective in rheumatoid arthritis. A cytokine closely associated with IL-23 is IL-17, which is produced by infiltrating neutrophils, mast cells and T cells in psoriatic skin [32] . Currently, there are three different IL-17 antagonists under clinical evaluation for psoriasis ( Table 1 ). The monoclonal antibodies ixekizumab and secukinumab both target IL-17A, while brodalumab blocks the IL-17 receptor IL-17RA. The efficacy data on IL-17 neutralization for psoriasis is quite impressive. Phase 2 trials demonstrated PASI-75 responses in more than 70% of patients treated with anti-IL-17A or anti-IL-17RA antibodies and they all entered phase 3 [33] [34] [35] . Their safety profile is preliminary.
As targeting IL-17 in psoriasis of the skin produced such a remarkable response in early trials, it posed the question of whether this approach would also be successful in autoimmune arthritis. There is some indication that this might be the case in experimental arthritis where IL-23, IL-17 and IL-22 have been linked to joint inflammation [36, 37] . However, recently published phase 2 data show that anti-IL-17 strategies seem to only have a modest impact on the disease course in rheumatoid arthritis, although some clinical benefit was observed in psoriatic arthritis [38, 39] . The upcoming efficacy data on neutralizing p40 (IL-12 and IL-23) or IL-17 in psoriatic arthritis or rheumatoid arthritis will help to clarify whether Th17 responses are more prominent in the pathogenesis of psoriatic arthritis or rheumatoid arthritis. Thus, we learn a great deal about common pathways and distinct details in the pathogenesis of psoriasis, psoriatic arthritis and rheumatoid arthritis by using biologics that selectively neutralize the effects of one or two mediators. 
Novel oral anti-psoriatics
Modern biologics have helped to establish new targeted therapies with dramatic efficacy in psoriasis, even in patients who failed to respond to traditional oral therapies. Yet, more recently there has been a trend to introduce additional oral anti-psoriatic compounds that specifically interfere with intracellular metabolic processes, with key proteins or with signaling pathways relevant to psoriasis ( Table 1) . One of these approaches is to use one single compound derived from an anti-psoriatic formulation containing FAE. DMF is considered to be the important active compound among other FAEs and this compound has been tested in psoriasis and other inflammatory diseases [18, 40, 41] . Phase 3 trials have shown the efficacy of DMF in multiple sclerosis, and DMF has been approved as oral treatment in multiple sclerosis in the US [42, 43] . DMF seems to interact with nuclear factor kappa B (NFkB) activation and inhibits the expression of IL-12 and IL-23 by macrophages and DCs (Figure 1 ) [18, 44, 45] . Notably, DMF is the first modern therapeutic that is clinically effective in psoriasis and multiple sclerosis, unlike established biologics [18, 42, 43] . Blocking TNF or neutralizing p40 with biologics were disappointing strategies in multiple sclerosis [46, 47] . Although effective in psoriasis of the skin, patients with established arthritis do not seem to benefit from FAE therapy. The adverse event spectrum of DMF seems to be similar to that of the established formulation of FAE. A second compound influencing intracellular processes is the phosphodiesterase type 4 (PDE4) inhibitor apremilast. It has been reported that this compound decreases the release of pro-inflammatory cytokines (such as IL-12, IL-23 and TNF) and induces anti-inflammatory cytokines like IL-10 ( Figure 1 ) [48] . Recent phase 2 data indicate that apremilast treatment induces significant improvement in psoriasis and psoriatic arthritis as determined by PASI-75 responses or ACR20 responses [49, 50] . So far, common and relatively general side effects have been reported.
A number of oral compounds under investigation for clinical efficacy and safety in psoriasis, psoriatic arthritis and rheumatoid arthritis are kinase inhibitors, interfering with cytokine receptor signaling. Major efforts have been made to generate small molecules that inhibit the signal transduction of type I and type II cytokine receptors (receptors for IL-2, IL-6, IL-22, IL-23, IFN-g and others - Figure 1 ) [51, 52] . The signal transmission of these receptors requires the association with kinases from the JAK family. JAK inhibitors can interfere with cytokine signaling and thus suppress immune cell activation and inflammation [53, 54] . One of the clinically most advanced JAK inhibitors, tofacitinib, has been approved for the treatment of rheumatoid arthritis in the US and in some countries in Europe, Asia and South America. However, this drug has not yet received marketing authorization by the European Medicines Agency. Oral JAK inhibitors with different degrees of selectivity for JAK family members are now being tested for psoriasis and psoriatic arthritis. Moreover, topical formulations are being tested for psoriasis of the skin [55] . First results show significant response rates according to PASI-75 or ACR20 responses [56] [57] [58] [59] . The safety profile of JAK inhibition seems to be acceptable but is still too preliminary.
Future concepts and conclusion
The concept of general and non-specific immunosuppression as a first-line therapy for psoriasis should be revised in the light of modalities targeting single cytokines or intracellular key proteins implicated in psoriasis pathogenesis. These new modalities have helped us to improve our understanding of disease pathogenesis and of common pathways in psoriasis, psoriatic arthritis or rheumatoid arthritis. A number of new therapies are approaching clinical practice in dermatology. Ustekinumab was the first anti-cytokine biologic used exclusively by dermatologists and is now being established for psoriatic arthritis [31] . Other inflammatory conditions may also benefit from neutralizing p40 [60] . We are also looking forward to learning about the safety and efficacy of directly neutralizing IL-23, without affecting IL-12 and Th1 responses, which are necessary to control tumors and viral infections [61] . Targeting IL-23a, the p19 unit forming IL-23 together with p40, is currently under investigation as therapy for patients with psoriasis. This experience will help decipher the importance of IL-23/Th17 and IL-12/ Th1 responses in psoriasis and may destroy an old dogma concerning the relevance of Th1 cells in this disease. Notably, neutralizing IL-17 or blocking IL-17R will most likely be the second biologic approach primarily used in dermatology. The efficacy of antibodies directed against TNF, IL-17 or IL-23 demonstrate clearly that the immune disease psoriasis can be treated by either neutralizing the cytokines secreted by Th17 cells, neutrophils and mast cells or by inhibiting the cytokine-mediated activation of these cell populations. Both therapeutic categories neutralizing Th17 cytokines or preventing Th17 development can be extended by further biologics. One might assume that neutralizing the Th17-associated cytokine IL-22, which primarily affects keratinocyte biology, could be effective for the treatment of psoriasis [62] . Alternatively, one could dampen the inflammation by administrating cytokines, which prevent Th17 and/or Th1 responses [63] . The latter approach has been shown in a proof-of-concept study, where the administration of IL-4 improved psoriasis and induced Th2 responses in a phase 1/2 trial [7] .
Moreover, a next generation of oral compounds may enter daily clinical practice in psoriasis. The use of DMF in psoriasis has opened a new therapeutic option for patients with multiple sclerosis [42, 43] . Apremilast, with its favorable safety profile and its efficacy data, will presumably extend the list of oral compounds in psoriasis. Finally, directly targeting cytokine receptor signaling pathways with JAK inhibitors may be a promising approach for systemic or even topical treatment of psoriasis [64] . Thus, we are in the fortunate position where we can offer our patients with psoriasis at least eight different systemic therapies, which are established in many countries. There are at least four upcoming biologics and three oral compounds that will presumably extend our therapeutic spectrum (Table 1 ). Yet, we have to understand the mechanisms in non-responders, and those with a loss of response, in order to provide them with a life-long protection from psoriasis and psoriatic arthritis. Also, safety issues and the advantage of combination therapies still have to be studied in more detail. The development of further effective and safe anti-psoriatic therapeutics is not yet complete. 
